It has previously been reported that inhibition of delayed-type hypersensitivity-mediating functions of T cells during mycobacterial infection in mice is
Development of tuberculosis is often associated with a depression of cellular immunity, as shown by a loss of the tuberculin skin test reaction (17) , a decrease in interleukin-2 (IL-2) secretion and in IL-2 receptor (IL-2R) expression (48) , and a reduction in cell proliferation (32) . In pulmonary tuberculosis, the predominant form of the disease, 17 to 25% of the patients are unresponsive to purified protein derivative (PPD) skin testing (7) and 40 to 60% of the patients have low blastogenic responses to PPD (24) .
Immunosuppressive features are also manifest in some but not all strains of mycobacterium-infected mice (36) . Strain variation in resistance to mycobacterial infections among mice has been noted for several decades. Some mouse strains are susceptible (bcg s ) and others are resistant (bcg r ) to various mycobacterial infections including those with Mycobacterium bovis BCG. Resistance or susceptibility to infection with intracellular pathogens such as Salmonella and Mycobacterium is controlled by the natural resistance-associated macrophage protein (Nramp1) gene on chromosome 1, which influences the rate of intracellular replication of these parasites in macrophages (15, 51) . Kaledin et al. (18) observed that 4 weeks after intravenous inoculation of BCG, the number of viable bacilli recovered from the spleens of C57BL/6 mice was more than 20 times greater than the number recovered from a resistant mouse strain. Lagrange and Hurtrel (27) showed that the BCG, when injected intravenously, multiplied markedly in the spleens of C57BL/6 mice. No multiplication occurred in resistant mice, and the bacilli were steadily eliminated from the spleen. The innate susceptibility of mice to mycobacterial infection seemed to be expressed very early in the course of the host-parasite interaction. Resistance appears to involve macrophages able to limit the growth of the bacteria and subsequently eliminate them (44) . Thus, it has been proposed that resistant mice are able to prevent bacterial growth without the need for a cellular response whereas susceptible mice will eventually control bacterial growth by the acquisition of cellular immunity (38) . More recently, however, it has been shown that there is a selective regulation of costimulatory molecules on the surface of infected macrophages (42) . It was found that B7 was down-regulated while ICAM-1 was up-regulated in susceptible BALB/c mice but not in resistant C3H/HeJ mice and that these changes resulted in the inhibition of delayedtype hypersensitivity-mediating functions of T helper cells from BALB/c mice. This depressed T-helper-cell function concerns not only mycobacterial antigens (42) but also recall antigens like keyhole limpet hemocyanin (42) . In addition, a contribution of CD4 ϩ and CD8 ϩ T cells to acquired resistance to M. bovis has been suggested to occur in knockout mice deficient for major histocompatibility complex molecules (26) .
Resistance or susceptibility to mycobacterial infection could be related to an inappropriate induction of T-cell tolerance caused by the dysregulation of physiological cell death programs (1, 47) . Apoptosis may play a major role in the suppression of Th-1-dependent effector functions occurring during various infectious diseases (1, 14) . Activation-induced cell death (AICD) has been reported to be dependent on the interactions between ligands and receptors belonging to the tumor necrosis factor (TNF) family, which includes TNF and Fas (35) , and on the susceptibility of the cells to receptormediated death signal transduction (23) . These death-triggering pathways are involved in the elimination of antigen-stimulated peripheral T cells to terminate an immune response and to limit inflammation (31, 45, 56) . It has also been reported that such molecules may play a major role during human immunodeficiency virus (HIV) infection (12, 13, 19) and participate in Peyer's patch T-cell death in mice infected with Toxoplasma gondii (29) .
We report here that a defect of T-cell proliferation in response to mitogen or anti-CD3 antibody in C57BL/6 and BALB/c (bcg s ) mice but not in DBA/2 and C3H/HeJ (bcg r ) mice after infection with M. bovis BCG is associated with the induction of both CD4 ϩ and CD8 ϩ T-cell apoptosis.
MATERIALS AND METHODS
Mouse strains. C57BL/6 (Nramp1 Ϫ ), BALB/c (Nramp1
, and DBA/2 (Nramp1 ϩ ) mice were purchased from Janvier (Le Genest, St Isle, France); 6-week-old animals were used for primary infection.
BCG infection. Mice were inoculated in the retroorbital vein with 5 ϫ 10 6 CFU of M. bovis BCG (vaccine strain 1173P2; World Health Organization, Stockholm, Sweden) freshly grown on Sauton medium (43) . The mice were sacrificed 2 to 3 weeks later.
Antibodies and reagents. Rat anti-mouse phycoerythrin-conjugated Thy-1.2 (53-2.1), rat anti-mouse Cy-chrome-conjugated B220 (RA3-6B2), rat anti-mouse Cy-chrome-conjugated CD4 (RM4-5), rat anti-mouse Cy-chrome-conjugated CD8 (53-6.7), fluorescein isothiocyanate (FITC)-conjugated hamster anti-mouse Fas (Jo2), rat anti-mouse TNF-␣ (MP6-XT3), rat immunoglobulin G1 (IgG1) isotype control (R3-34), and hamster anti-mouse CD3 (145-2C11) were purchased from Pharmingen (San Diego, Calif.). The hybrid protein containing the Fc portion of mouse IgG1 and the recombinant Fas antigen (Fas-Fc) was purchased from Alexis Corp. (San Diego, Calif.). Other reagents were staphylococcal enterotoxin B (Toxin Technology Inc., Madison, Wis.), concanavalin A (ConA), pokeweed M, and acridine orange dye (Immunotech, Marseille, France).
Cell culture conditions. T cells from uninfected and infected mice were prepared from spleen using Lympholyte-M (Cedar Lane, Hornby, Ontario, Canada) density gradient centrifugation. B cells were depleted by incubating the cell suspensions at 4°C for 45 min with magnetic beads coated with goat anti-mouse IgG. Ig-positive cells were then removed using a magnetic concentrator (Immunotech). For C57BL/6, BALB/c, C3H/HeJ, and DBA/2, the T-cell purity was 92, 90, 80, and 92%, respectively. Cells were cultured in RPMI 1640 (Gibco, Courbevoie, France) supplemented with 10% heat-inactivated fetal calf serum (Boehringer Mannheim, Meylan, France), 100 U of penicillin (Gibco) per ml, 20 g of streptomycin (Gibco) per ml, 2 mM L-glutamine, 5 ϫ 10 Ϫ5 M ␤-mercaptoethanol (Merck, Darmstadt, Germany), and 1 mM sodium pyruvate (Gibco).
T-cell proliferation. T cells were cultured at a concentration of 5 ϫ 10 4 cells/well in 96-well flat-bottom culture plates (Falcon, Becton Dickinson, Mountain View, Calif.) in the absence or presence of one of the following stimuli: 1 g of ConA per ml, or 10 g of anti-CD3 per ml. Each proliferation test was performed in triplicate. Cultures were incubated at 37°C in a humidified CO 2 incubator for 3 days and then pulse-labeled with 1 Ci of [ 3 H]thymidine (Amersham, Les Ulis, France). Cells were then harvested onto fiber filter strips using a multiharvester (Skatron, Lierbyen, Norway), and the incorporated radioactivity was determined by liquid scintillation counting (LKB, Wallac, Turku, Finland).
Apoptosis measurement. Apoptosis was measured in vitro by three different methods. (i) Using the light microscope, the cells counted as apoptotic included cells with characteristic nuclear chromatin condensation and fragmentation, as well as already dead cells that had lost the trypan blue exclusion capacity, as previously described (11, 25) . (ii) Using flow cytometry (FCM) analysis (FACScan; Becton Dickinson) after incubation of the cells with acridine orange nuclear dye (0.1 g/ml) for 2 min, as described previously (11) , apoptosis was detected by observing a distinct peak of reduced fluorescence intensity. (iii) Cells undergoing apoptosis were also identified by FCM using FITC-conjugated annexin V (R&D Systems, Abingdon, United Kingdom), a phospholipid-binding protein (50) . This method was used to detect apoptotic T-cell subpopulations. T cells were first stained by being incubated with rat anti-mouse Cy-chrome-conjugated CD4 or rat anti-mouse Cy-chrome-conjugated CD8 antibodies, washed with phosphate-buffered saline, and then incubated in binding buffer with FITCannexin V for 20 min at 4°C, as specified by the manufacturer (Immunotech). The cells were analyzed by FCM analysis.
Apoptosis was assessed in tissue sections by the terminal deoxytransferase (TdT)-mediated dUTP nick end labeling (TUNEL) method. Briefly, microscopy analysis of in situ DNA fragmentation was assessed on 5-m paraffin sections of formalin-fixed spleens and livers. Tissue sections were washed once with TdT buffer (Gibco) and then incubated with 0.5 M digoxigenin-dUTP and 5 U of TdT (Boehringer Mannheim), in 30 to 50 l of TdT buffer. The sections were incubated for 1 h at 37°C and then washed in PBS. A sheep anti-digoxigeninalkaline phosphatase-conjugated antibody (Boehringer Mannheim) was next added for 40 min at 37°C and revealed with naphthol AS-MX, Fast Red, and levamisol. The sections were counterstained with Harris hematoxylin and mounted with gelatin.
Fas expression. Fas expression was assessed on T cells by double labeling using anti-mouse Cy-chrome-conjugated CD4 and anti-mouse Cy-chrome-conjugated CD8 antibodies, as well as the anti-mouse FITC-conjugated Fas antibodies. The cells were incubated for 30 min at 4°C, washed twice, and then analyzed by FCM.
RNA extraction and RT-PCR analysis. Total RNA was extracted from T cells using RNAzol (Bioprobe, Montreuil, France) as recommended by the manufacturer. For each sample, equal amounts of total RNA (1 g) were reverse transcribed with 200 U of Moloney murine leukemia virus reverse transcriptase (RT; Gibco BRL, Eragny, France), 4 U of RNasin (Promega, Lyon, France), 50 ng of oligo(dT), 2 mM each deoxynucleoside triphosphate, and 4 mM dithiothreitol in a final volume of 27 l. The products were then denatured by heating at 95°C before being stored at Ϫ20°C. PCR amplification was performed using primers for ␤-actin (5Ј-GTG GGG CGC CCC AGG CAC CA-3Ј and 5Ј-CTT TAG CAC GCA CTG TAA TTC CTC-3Ј), and FasL (5Ј-CAG CTC TTC CAC CTG CAG AAG G-3Ј and 5Ј-AGA TTC CTC AAA ATT GAT CAG AGA GAG-3Ј). The cDNA samples were amplified using a DNA thermal cycler (Perkin Elmer Cetus, Saint-Quentin, France) for 35 cycles for ␤-actin and FasL at an annealing temperature of 55°C for FasL and of 60°C for ␤-actin. For each cDNA preparation, a control reaction was performed without RT to ensure that there was no contaminating genomic DNA. The PCR products were analyzed by agarose gel electrophoresis (1.5% agarose) in TBE (0.09 M Tris borate, 0.002 M EDTA [pH 8.0]) containing ethidium bromide (25 g/50 ml of gel).
TNF-␣ assay. Mouse TNF-␣ activity present in the sera collected by retroorbital puncture was determined at several time points after BCG infection from individual mice, using the Factor-test mouse TNF-␣ enzyme-linked immunosor- The percentage of spontaneous T-cell apoptosis from individual mice was measured by FCM analysis using acridine orange (AO) nuclear dye. T-cell apoptosis was also determined by light microscopy analysis (data not shown). Both determinations gave similar results, with less than a 5% difference between the two methods, as previously described (11) . (C) T-cell apoptosis of uninfected animals is represented by the open circles, and T-cell apoptosis of BCG-infected animals is represented by the solid circles. Each symbol represents the result from an individual animal. Significant difference in spontaneous T-cell death between uninfected and infected mice is represented by ‫ء‬ (P Ͻ 0.05); significant difference in T-cell death between nonstimulated and activated T cells is represented by ‫ءء‬ (P Ͻ 0.05). ns, not significant. bent assay (ELISA) kit (Genzyme, Cambridge, Mass.). Results are expressed as picograms per milliliter and are means of duplicate assays.
Statistical analysis. The statistical significance (P) was assessed using Student's t test. Fig. 1 , infection of C57BL/6 and C3H/HeJ mice with BCG resulted in strong splenomegaly, which was more pronounced in C57BL/6 mice than in C3H/HeJ mice, as judged by macroscopic examination of the organs (Fig. 1A) . This was confirmed by weighing the spleens of infected and uninfected animals. Although the spleens of the two mouse strains had similar weights when the animals were not infected (about 80 to 100 mg), infection with BCG resulted in an approximately threefold increase in the weight of C3H/HeJ spleens and in an eightfold increase in the weight of C57BL/6 spleens (data not shown). Similarly, in two additional mouse strains, BALB/c (bcg s ) and DBA/2 (bcg r ), BCG infection induced a splenomegaly more pronounced in BALB/c than in DBA/2 mice (data not shown). Subpopulation analysis indicated that BCG infection induced a major B-cell proliferation in the C57BL/6 mice, in contrast to C3H/HeJ mice (Fig. 1B) . Moreover, the splenic architecture was largely disorganized in infected C57BL/6 mice, as assessed by histological analysis (Fig. 2A) . Microscopic examination of the liver also revealed that infected C57BL/6 mice had a more pronounced cellular infiltration than did infected C3H/HeJ mice (Fig. 2B) . These results suggest a more general immune activation associated with strong inflammation in infected susceptible mice than in infected resistant mice.
RESULTS

BCG-induced splenomegaly. As shown in
T-cell apoptosis related to susceptibility. Defective T-cell proliferation during mycobacterium infection has been previously reported (42) . The T-cell proliferation in the two mouse strains was therefore assessed. T cells were isolated by negative selection from the spleens of C57BL/6 and C3H/HeJ mice infected or not infected with 5 ϫ 10 6 CFU of viable BCG. As shown in Fig. 3A , T cells from infected C3H/HeJ mice displayed similar polyclonal activation to those isolated from the uninfected mice. In contrast, the T-cell proliferation of C57BL/6 mice was considerably depressed after BCG infection.
Since a defect of T-cell proliferation after infection with other pathogens has been reported to be related to T-cell death by apoptosis (1, 21, 29, 30 ), we investigated whether infection with BCG results in a more pronounced T-cell apoptosis in C57BL/6 mice than in C3H/HeJ mice. The percentage of apoptotic T cells from splenocytes of uninfected and BCGinfected mice was measured in the absence or presence of ConA for 18 h. T-cell death had the characteristic features of apoptosis, including typical nuclear chromatin condensation as visualised by light microscopy analysis (data not shown), and reduction in nuclear contents was assessed using acridine orange nuclear dye in an FCM analysis (Fig. 3B) . For both mouse strains, BCG infection resulted in an increase in spontaneous T-cell apoptosis. In infected C3H/HeJ mice, the percentage of apoptotic T cells did not further increase after in vitro restimulation with ConA (Fig. 3C) . In contrast, in BCG-infected C57BL/6 mice, stimulation with mitogen resulted in a substantial further increase in the number of T cells undergoing apoptosis. We further investigated two additional mouse strains, BALB/c (bcg s , Nramp1 Ϫ ) and DBA/2 (bcg r , Nramp1 ϩ ), and in vitro analysis indicated that although BCG infection enhances spontaneous T-cell death (Fig. 4A) , only T cells from BALB/c undergo apoptosis after T-cell stimulation (Fig. 4B) . Moreover, stimulation of T cells using monoclonal antibody to the T-cell receptor-CD3 complex induced a decrease in thymidine incorporation (cell proliferation) (Fig. 5A) , a decrease in Tcell numbers (viable cells) (Fig. 5B) , and an increased incidence of cell death (Fig. 5C ) after 3 days of culture in infected C57BL/6 mice in comparison to uninfected C57BL/6 mice and to both infected and uninfected C3H/HeJ mice. Together, these results suggest that the depressed T-cell proliferation observed above for BCG-infected C57BL/6 mice may be related to an increased susceptibility to apoptosis rather than to a process of anergy only. At 2 weeks after BCG infection, priming of a large fraction of splenic T cells for AICD was associated in vivo with numerous cells undergoing apoptosis in the spleen (Fig. 6A ) and in liver infiltrates (Fig. 6B and C) in C57BL/6 mice in comparison to C3H/HeJ mice, as detected by in situ analysis of fragmented DNA using the TUNEL method. TNF-␣ production. Next, we investigated whether the C3H/ HeJ and C57BL/6 mouse strains differ in TNF-␣ production after BCG infection. The kinetics of TNF-␣ secretion from serum were assessed by ELISA from a pool of four sera (Fig.  7A ) and from individual mice (Fig. 7B) . High levels of TNF-␣ were detected only in the serum of C57BL/6 mice infected with BCG (Fig. 7) . TNF-␣ production increased progressively, peaked 12 days after infection, and then started to decline. Only small amounts of TNF-␣ were detected in C3H/HeJ mice infected with BCG, and no TNF-␣ was detected in uninfected animals of either strain.
Fas-FasL expression. Fas expression was assessed by FCM on splenocytes isolated from infected and uninfected C3H/HeJ and C57BL/6 mice. Total splenocytes from BCG-infected C3H/HeJ mice expressed slightly higher levels of Fas than did splenocytes of uninfected C3H/HeJ mice, whereas BCG infection of C57BL/6 mice enhanced Fas expression much more strongly (data not shown). Analysis of T-cell subpopulations revealed that increased Fas expression was detected in both CD4 ϩ and CD8 ϩ T-cell populations 2 weeks after infection with BCG (Fig. 8) . Again, the difference between infected and uninfected mice was much more pronounced for the C57BL/6 strain than for the C3H/HeJ strain. To investigate whether the controlling events of apoptosis involve changes in FasL expression, RT-PCR was performed on total RNA from T cells of both infected and uninfected mice. Figure 9 shows that FasL mRNA was similar in uninfected and in BCG-infected C57BL/6 mice. However, FasL expression, which was high in uninfected C3H/HeJ mice, decreased upon infection.
Involvement of Fas and TNF-␣ in activation-induced T-cell death in BCG-infected C57BL/6 mice. Since both TNF-␣ and Fas were expressed at higher levels in infected C57BL/6 mice than in infected C3H/HeJ mice, we examined whether these factors participate in the regulation of activation-induced Tcell death. The contribution of TNF-␣ and FasL to AICD following BCG infection was determined by using purified T cells incubated for 18 h in the presence or absence of neutralizing anti-TNF-␣ antibodies and of antagonistic Fas antibodies (Fas-Fc protein). T-cell depletion was assessed by FCM using FITC-conjugated annexin V labeling that detects apoptotic cells in each of the T-cell subpopulations studied. The addition of Fas-Fc prevented the death of CD4 ϩ T cells from infected C57BL/6 mice, whereas apoptosis of the CD8 ϩ T cells from these mice remained unaffected (Fig. 10) . The anti-TNF-␣ antibodies inhibited apoptosis of both CD8 ϩ T cells and CD4 ϩ T cells from the infected C57BL/6 mice. Together, these results suggest that TNF-␣ and FasL participate in the control of T-cell apoptosis.
DISCUSSION
In this study, we show that BCG susceptibility is associated with T-cell apoptosis. Our data suggest that in susceptible mouse strains (C57BL/6 and BALB/c) a defect in in vitro T-cell proliferation after mitogen or TCR restimulation involves ap- optosis and that this depressed cell-mediated immunity (CMI) was not observed in BCG-resistant mouse strains (C3H/HeJ and DBA/2). In addition, further investigations with C57BL/6 and C3H/HeJ mice suggest that activation-mediated T-cell apoptosis in infected C57BL/6 mice involved mainly TNF-␣ and Fas-FasL.
T-cell apoptosis is considered to be an important regulatory mechanism of the immune response and is involved in the loss of effector functions during infectious diseases. Recent studies reported that infection with the protozoan parasites Trypanosoma cruzi and Toxoplasma gondii leads to a downregulation of the CMI associated with the induction of CD4 ϩ T-cell apoptosis (21, 30) . In Schistosoma mansoni-infected mice, the immunopathologic granulomatous response to parasite eggs, which is associated with a global functional defect in CMI, is also related to a CD4 ϩ and CD8 ϩ T-cell apoptotic process (1, 14). Xu et al. (54) have reported a drastic depletion of CD3 ϩ T cells in susceptible but not in resistant mice at the final stage of infection with Mycobacterium avium. During the preparation of our manuscript, Das et al. (8) reported that M. tuberculosis infection of a susceptible host results in the abnormal death of CD4 ϩ T cells after in vitro stimulation. Together with our observations, these results suggest that mycobacteria are able to trigger death by apoptosis. Nevertheless, no apparent net depletion in T lymphocytes was observed in susceptible mice, suggesting a compensatory reconstitution of dying cells, with a T-cell turnover. Such turnover of T cells in the absence of depletion has been reported to occur in CD8 ϩ T cells during the asymptomatic phase of HIV infection in humans and in nonhuman primates (39, 41, 53) . The Nramp1 gene product controls the innate resistance and susceptibility of macrophages to microorganisms (15, 51) . Although Nramp1 has been clearly associated in the control of M. bovis, less evidence for a role in the control of M. tuberculosis and M. avium has been demonstrated (33) . Our observation suggest that at least in two resistant and two susceptible mouse strains, a segregation between the Nramp1 gene and apoptosis is observed.
The expression of a family of ligands (TNF-␣ and FasL) and receptors (TNF receptor and Fas), as well as the induction of susceptibility of these cells to receptor-initiated signals, has been involved in the process of T-cell apoptosis (35) . We suggested a pivotal role for TNF-␣ during BCG infection of C57BL/6 mice. First, our observation indicates an important TNF-␣ production in the sera of infected C57BL/6 mice but not of C3H/HeJ mice; second, neutralizing antibodies to TNF-␣ prevent CD3-mediated CD4 ϩ and CD8 ϩ T-cell apoptosis. Moreover, this TNF-␣ production coincides with an important inflammatory response characterized by intense cellular infiltrates in the livers of these mice and destruction of the architecture of the spleen. The TUNEL method revealed the presence of a large number of apoptotic cells in the liver infiltrates in C57BL/6 mice compared to the number in C3H/ HeJ mice. Kindler et al. (22) have shown that injection of anti-TNF-␣ antibodies into mice infected with BCG strongly interferes with the development of granulomas and that TNF-␣ is central in the formation of BCG-induced granulomas. Doherty and Sher (9) have also recently shown that 2 weeks after infection with M. avium the mitogen response of C57BL/6 mice was clearly suppressed compared to that of uninfected mice. Using TNF-␣ receptor-deficient mice, they showed the importance of TNF-␣ in this immunosuppression. Additionally, the splenomegaly of these knockout mice was greatly diminished. Although immunopathology was strongly reduced in these mice, no increase in the control of M. avium bacterial growth was observed (9) . Nevertheless, a recent report by Ehlers et al. (10) indicated, in contrast, that TNF receptor p55 gene-deficient mice develop granulomas that become necrotic and cause tissue damage following M. avium infection. Thus, apoptosis would be involved in restricting rather than exacerbating the inflammatory response. Therefore, whether TNF-␣-mediated apoptosis during BCG or other mycobacterial infections in susceptible hosts only participates in immunopathology or alters the effectiveness of immunemediated control of the bacterial load remains to be assessed. In tuberculosis patients, blood monocytes (46) and alveolar macrophages (40) release TNF-␣ in large quantities, and this cytokine is also present in tuberculous lesions (5) . Recent data indicate that enhanced levels of apoptosis occur during active M. tuberculosis infection in human (16) . Thus, spontaneous apoptosis and AICD are increased in both CD4 ϩ and CD8 ϩ T cells of newly diagnosed tuberculosis-infected persons over those in healthy subjects. Culture supernatants show the presence of abnormal levels of TNF-␣ and soluble Fas molecules in these patients.
Our results demonstrate that BCG infection increases the proportions of both CD4 ϩ and CD8 ϩ T cells expressing Fas in both C57BL/6 and C3H/HeJ mouse strains, compared to uninfected mice. However, the percentage of T cells, and in particular of CD4 ϩ T cells, expressing Fas was significantly higher in C57BL/6 than in C3H/HeJ mice. We also found that level of FasL mRNA was not affected upon BCG infection in C57BL/6 mice whereas the level of FasL mRNA, which was more abundant in the uninfected C3H/HeJ mice than in the uninfected C57BL/6 mice, decreased drastically upon BCG infection in this mouse strain. However, our data indicate that Fas-FasL participates in AICD of CD4 ϩ T cells but not in that 6 CFU of BCG. RT-PCR was performed on pools of mRNA from three animals for each group, using specific primers for FasL, and ␤-actin was used as a control. Results are from one of two independent experiments with similar results.
of CD8
ϩ T cells in C57BL/6 mice. At this time, we cannot generalize those mechanisms to all mouse strains. Although we observed that C57BL/6 and BALB/c mice are equaly susceptible to AICD when infected with BCG, it should be noted that these two strains of mice differ in their resistance and susceptibility to leishmania, being considered Th1 and Th2 models of the immune response to infection, respectively (28) . Therefore, it is possible that in the context of BCG infection, several mechanisms in addition to TNF-␣ and FasL may also operate in different mouse strains involving certain cytokines like TGF-␤ and IL-10, which have been reported to participate in AICD in other models of infection (12) (13) (14) . Moreover, although both TNF-␣-and Fas-mediated apoptosis contribute to the death of T lymphocytes in C57BL/6 mice, additional mechanisms could also participate in T-cell apoptosis. The in vitro prevention of T-cell apoptosis using neutralizing antibodies to TNF-␣ and Fas was not complete, suggesting the potential involvement of other pathways of T-cell depletion. Other recently described ligands, like the TNF-related apoptosis-inducing ligand (TRAIL), a new member of the TNF family which has been recently shown to trigger AICD in HIV-infected individuals, could play a role (20) . However, whether TRAIL or any other death factor is involved in T-cell death during mycobacterial infections requires further investigation.
The precise mechanisms by which mycobacteria induce Tcell apoptosis and the bacterial components responsible remain to be elucidated. Ozeki et al. (37) have demonstrated that the mycobacterial cord factor induces apoptosis in the mouse thymus in vivo. However, nothing is known about the potential involvement of cord factor in the induction of apoptosis in mature T cells. Evidence has also emerged suggesting that monocyte-derived macrophages acquire the ability to selectively induce apoptosis of T cells in an activation-specific fashion (34). Badley et al. (2, 3) have reported that upregulation of FasL expression by HIV in human macrophages mediates apoptosis of uninfected T lymphocytes and may therefore participate in T-cell depletion in HIV-infected individuals. Since mycobacteria are able to invade phagocytic cells but not lymphocytes, it is tempting to postulate a similar scenario for mycobacterial infections. In this regard, it has been previously reported that both whole organisms and antigens derived from M. bovis and M. tuberculosis induced the production of TNF-␣ from monocytes (4, 49, 52, 55) . Thus, activated macrophages could then provide an important source of TNF-␣ and/or FasL, which may participate in T-cell depletion and therefore in immunosuppression. However, the role of Fas-FasL in hostpathogen interactions may be complex, since recent data have shown that resolution of lesions induced by Leishmania major in mice was dependent on a functional Fas pathway that was responsible for the apoptosis of infected macrophages (6) .
Finally, taken together, our results suggest that induction of apoptosis in both CD4 ϩ and CD8 ϩ T-cell subsets may contribute to mycobacterium-mediated immune dysregulation in susceptible hosts. ϩ and CD8 ϩ T-cell depletions were determined by FCM using FITC-conjugated annexin V in comparison to unstimulated T cells (specific spontaneous CD4 ϩ and CD8 ϩ T-cell death was 9.5 and 18%, respectively). Significance differences are marked by ‫ء‬ (P Ͻ 0.05). The data represent the means of values from three independent experiments. mAbs, monoclonal antibodies.
